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SUMMARY 

The  hypothesis was examined that prolonged activation of adenylate cyclase can result 
in a  decrease in the specific activity of the enzyme, much as prolonged inhibition of 
adenylate cyclase gradually leads to an  increase in the specific activity of the enzyme. 
Activation of adenylate cyclase of NG108-15 neuroblastoma-gl ioma hybrid cells by 
prostaglandin El resulted in the gradual loss of basal adenylate cyclase activity as well as 
enzyme activity stimulated by prostaglandin El, 2-chloroadenosine, NaF, or both pros- 
taglandin E1 and  guanyl-5’-yl imidodiphosphate. Exposure of NG108-15 cells to 8-Br 
cyclic AMP also resulted in the loss of basal, prostaglandin El-stimulated, and  ~-&IO- 
roadenosine-stimulated adenylate cyclase activities. Cyclohexamide had  no  effect on  
prostaglandin El-dependent desensitization of adenylate cyclase, but inhibited recovery 
of enzyme activity from the desensit ized state. In contrast, exposure of NGlO&15 cells to 
2-chloroadenosine resulted in the rapid loss of response to 2-chloroadenosine with a  half- 
life of 1.8 hr, but prostaglandin El-stimulated and  basal enzyme activities decreased only 
slightly. 

INTRODUCTION 

NG108-15 cells possess opiate receptors (1, 2), musca- 
rinic acetylcholine receptors (3,4) and  alpha-adrenergic 
receptors (5) which med iate inhibition of adenylate cy- 
clase (ATP pyrophosphate lyase-cyclizing; EC 4.6.1.1). 
Thus, exposure of cells to morphine (l), carbamylcholine 
(6), or norepinephrine (7) reduces cellular cyclic AMP 
levels; however, exposure of cells to the receptor l igand 
for lo-24 hr gradually results in an  increase in adenylate 
cyclase specific activity. Thus, cyclic AMP levels of cells 
slowly return to the control value. W ithdrawal of the 
inhibitory l igand unmasks the elevated enzyme activity 
and  results in a  prolonged 4- to lo-fold increase in cellular 
cyclic AMP levels. Cells thus develop an  apparent toler- 
ance to and  dependence upon  morphine, carbamylcho- 
line, or norepinephrine with respect to ma intenance of 
cellular cyclic AMP levels. 

The  hypothesis that activation of adenylate cyclase 
may lead, conversely, to a  reduction in adenylate cyclase 
activity is examined in this report. Preliminary results by 
Dr. Shail Sharma* showed that treatment of NG108-15 
cells with PGE13 for several days resulted in decreases in 

A preliminary report of this work has  been  publ ished [Fed. Proc. 
37:1539 (1978)]. 

’ Present address,  Division of Drug Biology (HFD-413), Pharmaceu-  
tical Research and  Testing, Food  and  Drug Administration, Washing-  
%  D. c. 20204.  

’ S. K. Sharrna and  M. Nirenberg, unpubl ished observations. 
‘The  abbreviat ions used  are: PGEI, prostaglandin El; PGAI, pros- 
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basal and  PGE,-stimulated activities. These observations 
are confirmed and  extended in this report. 

MATERIALS AND METHODS 

Cell culture and  homogenate  preparation. Culture 
conditions for NG108-15 hybrid cells (subcultured 14-20 
times) have been  described (8); the growth med ium con- 
sisted of DMEM (Grand Island Biological Company Cat- 
a logue No. 430-2100),  5-10s fetal bovine serum, 100  ELM 
hypoxanthine, 1  pM aminopterin, and  16  PM thymidine. 
Each flask (75 sq cm surface area) was inoculated with 
5.0-7.5 x lo5 cells in 15  m l of growth med ium. The  
med ium was replaced on  the 3rd day and  each day 
thereafter. A confluent layer of cells (approximately 1.5 
x 10’ cells, 15  mg  of cell protein per flask) was obtained 
on  the 6th or 7th day of incubation. Desensitization 
experiments usually were initiated 5-6 days after cells 
were plated, when cell layers were approximately 80% 
confluent. The  med ium was changed at zero time  as 
indicated in the figures and  tables, and  cells were incu- 
bated without further change of med ium unless specified. 
Each mono layer of cells was washed twice with 15  m l 
(each wash) of isotonic salt solution (150 mu  NaCl, 5.4 
mu  KCl, 0.17 mu  Na2HP04, 0.22 mu  KH2P04, 0.11 mu  

taglandin AI; PGFz,, prostaglandin Fz,; ClAdo, 2-Cl-adenosine; Bt, 
cyclic AMP, N6,02-dibutyryl cyclic AMP; Btz cyclic GMP, N6,02- 
dibutyryl cyclic GMP; Ro20-1724,4-(3-butoxy-4-methoxybenzyl)-2- im- 
idazolidinone; Gpp(NH)p; guanyl-5’-yl imidodiphosphate. 
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CaC12, and 25 m M  n-glucose, pH 7.4,340 mOsmoles/kg). 
Then 10 m l of an isotonic salt solution without Ca*’ ions, 
adjusted to pH 6.6 (150 m M  NaCl, 5.4 mu KCl, 0.17 mu 
Na2HP04, 0.22 mu KH*PO,; and 25 ITLM n-glucose) were 
added; after 5 m in at 24”, the cells were dissociated by 
sharply tapping the flasks. The cells were centrifuged for 
4 m in at 1000 x g, and the cell pellets were frozen in Dry 
Ice and stored over liquid nitrogen. The cells were 
thawed, suspended in a cold solution containing 25 m M  
Tris-HCl (pH 7.5) (approximately 7.5 mg of protein per 
m l), and homogenized with 10 strokes of a Dounce ho- 
mogenizer with a size A pestle; 0.5-ml portions of the 
homogenate were frozen rapidly and stored in the vapor 
phase of a liquid nitrogen freezer. Homogenates were 
thawed immediately before use. Protein was determined 
by a modification of the method of Lowry et al. (9) with 
bovine serum albumin as the standard. 

Adenylate cyclase assay. Adenylate cyclase activity 
was determined by a modification (10) of method C of 
Solomon et aE. (11). Each 100-d reaction m ixture con- 
tained 50 m M  Tris-HCl (pH 7.5); 5 mu MgC12; 20 mu 
creatine phosphate, disodium salt; 10 units (71 pg of 
protein) of creatine phosphokinase; 1 mu [cY-~‘P]ATP, 
tetrasodium salt (2 &i); 0.5 m M  cyclic AMP; G-3H-la- 
beled cyclic AMP (approximately 10,000 cpm); 0.5 m M  
Ro20-1724; 0.25% ethanol; and 50-200 pg of NG108-15 
homogenate protein. Reaction m ixtures were incubated 
for 6 m m  at 37” unless otherwise indicated. Under these 
conditions 32P-labeled cyclic AMP synthesis was propor- 
tional to the time of incubation for at least 20 m in in the 
presence or absence of PGEl or ClAdo. Each reaction 
m ixture was deproteinized by the addition of 0.9 m l of 
cold 6% trichloroacetic acid. The tubes were centrifuged 
at 1800 x g for 20 m in and each supernatant solution was 
added to a Dowex AG50W-X4 column. The cyclic AMP 
fraction from the column was eluted onto an alumina 
column and eluted from the alumina with 4 m l of 0.1 mu 
imidazole-HCI (pH 7.5) into a counting vial. Values re- 
ported are the means of duplicate or triplicate determi- 
nations; most replicate values differed by less than 10%. 

RESULTS 

As shown in Fig. 1, PGEl stimulated NG108-15 ade- 
nylate cyclase activity. However, continued exposure of 
NG108-15 cells to 25 PM PGE, gradually resulted in 
desensitization of adenylate cyclase to PGEl (Fig. 1A) 
and CLAdo (Fig. 1B) and also reduced the specific activity 
of basal adenylate cyclase (Fig. 1B). The specific activity 
of adenylate cyclase in homogenates prepared from un- 
treated, control cells also decreased; however, a larger 
decrease was always observed when cells were treated 
with PGE1.4 Basal and PGE&imulated enzyme activi- 
ties, expressed as percentage of control values, decreased 
exponentially with half-lives of approximately 7.5 and 6 
hr, and pseudo-first order rate constants for PGE1-depen- 
dent loss of enzyme activity of 1.6 x 10m5 set-’ and 3.2 

‘Decreases in adenylate cyclase specific activities obtained with 
homogenates from untreated, control cells incubated for various periods 
probably resulted from replacement of the culture medium at zero time. 
When only 50% of the medium was replaced at zero time, adenylate 
cyclase activities of cells incubated for 8 hr did not change appreciably 
(data not shown). 
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FIG. 1. Effects of culturing NG108-15 cells in the presence or ab- 
sence of PGE, on basal, CDLdo-stintulated, and PGEg-stimulated 
adenylate cyclase activities 

Cells were cultured for O-23 hr in the presence of 25 PM PGE, (0, 
n , V) or in the absence of PGE, (0, Cl, VI. At the times indicated the 
cells were harvested and frozen. The data shown in A and B are from 
the same experiment. Homogenates were prepared and assayed for 
adenylate cyclase activity in the presence of 10 P M  PGE, (A) or 50 P M  
ClAdo (B); basal enzyme activity shown in B also applies to A. Each 
value shown in the inset to B was obtained by dividing the mean basal, 
PGE,-dependent. or ClAdo-dependent adenylate cyclase specific activ- 
ities found with homogenates of PGEl-treated cells by the correspond- 
ing control values at each time; thus, the ordinate of the inset represents 
the percentage of the control values obtained with homogenates of 
untreated cells at each time. The abscissa (inset) represents hours of 
incubation of NGlOS-15 cells with PGEI. 

X 10m5 set-‘, respectively (Fig. lB, inset). The decrease 
in ClAdo-stimulated adenylate cyclase specific activity 
was biphasic, suggesting that the response to ClAdo was 
lost by a more complex kinetic mechanism than that 
found for basal or PGE,-stimulated adenylate cyclase 
(Fig. lB, inset). 

Exposure of NG108-15 hybrid cells to 0.1 II lM ClAdo 
resulted in time-dependent decreases in ClAdo-stimu- 
lated adenylate cyclase specific activities (Fig. 2B); how- 
ever, treatment of cells with ClAdo had little or no effect 
on basal or PGEI-stimulated adenylate cyclase specific 
activities (Fig. 2A). The half-life of the loss of respcn- 
siveness of adenylate cyclase to ClAdo was 1.8 hr, enzyme 
specific activity decreased exponentially with an es!; 
mated pseudo-first order rate constant of 1.1 x 10M4 set 
(Fig. 2B, inset). The specific activities of basal and stim- 
ulated adenylate cyclase from control cells decreased 
somewhat during the course of the experiment; however, 
ClAdo-dependent adenylate cyclase activities of cells 
treated with ClAdo decreased to <2% of the value oh- 
tamed with untreated control cells. 

The effects of exposing NG108-15 cells to different 
concentrations of PGEl or ClAdo on adenylate cyclase 
activities are shown in Table 1. The lowest concentration 
of PGE, tested that resulted in desensitization of.ade- 
nylate cyclase was 0.25 PM. Almost maximal desensltrza- 
tion was obtained with 2.5 w PGE,. Culture of NG108- 
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FIG. 2. Effects of culturing NGLOB-15 celb in thepresence of ClAdo 
on basal, CLAdo-stimulated, or PGE,-stimulated adenylate cyclase 
activities 

Cells were cultured for O-23 hr in the presence of 100 PM ClAdo 
(I A, v) or the absence of ClAdo (Cl, 0, V) and harvested at the times 
shown. The data shown in A and B are from the same experiment. 
Homogenates were prepared and assayed for basal adenylate cyclase 
activity and for activity in the presence of 10 q PGE, (A), or 50 /.AM 
CiAdo (B). Each value shown in the inset was obtained by dividing the 
mean ClAdo-dependent adenylate cyclase specific activity found with 
homogenates prepared from ClAdo-treated cells by the mean ClAdo- 
dependent adenylate cyclase specific activity found with homogenates 
from untreated control cells at that time. The abcissa of the inset 
represents hours of treatment of NG103-15 cells with ClAdo. 

15 cells with ClAdo resulted in marked desensitization to 
ClAdo at each concentration tested (0.50-50 pM ClAdo), 
but only a small reduction in PGE1-stimulated adenylate 
cyclase activity was observed. Basal adenylate cyclase 
activity decreased Zl-38% after treatment of cells with 
ClAdo. In other experiments (not shown), treatment of 
cells with ClAdo had little or no effect on basal adenylate 
cyclase specific activity. Treatment of cells with 50 pM 
ClAdo in the presence of 1 or 5 mu theophylline, an 
adenosine receptor antagonist and an inhibitor of cyclic 
nucleotide phosphodiesterase, prevented the ClAdo-de- 
pendent loss of responsiveness of adenylate cyclase to 
ClAdo. Treatment of cells with 1 or 5 rn~ theophylline 
alone had no effect on adenylate cyclase specific activity. 
Theophylline had no effect on PGEi-induced desensiti- 
zation of adenylate cyclase (data not shown). 

The effects of 10 P M  PGEi, 25 mu NaF, or 10 pM PGEl 
and 1 mu Gpp(NH)p on rates of 32P-labeled cyclic AMP 
synthesis in homogenates prepared from NGlOS-15 cells 
cultured for 16 hr in the absence of PGEr or with 2.5 pM 
PGE, are shown in Fig. 3A and B, respectively. Basal, 
pGE,-stimulated, NaF-stimulated, and PGEI- and 
Gpp(NH)p-stimulated adenylate cyclase activities were 
approximately 50% lower in homogenates from cells 
treated with PGE, than in homogenates from untreated 
cells. The effects of 1,3,5, or 10 mu NaF were similar to 
those observed with 25 mu NaF, and the effect of 5 w 
Gpp(NH)p was similar to that found with 1 mu 

TABLE 1 
Adenylate cyclase activity in homogenates prepared porn NG108-15 

cells treated with different concentrations of PGE, or ClAdo 
NGlC%-15 cells were cultured in the presence of the indicated con- 

centrations of PGEi or ClAdo for 16 hr. Homogenates were prepared 
and assayed for basal, PGE,-stimulated, and ClAdo-stimulated adenyl- 
ate cyclase activities. 

Expt. Cell trea;yt (16 Adenylate cyclase assay 

No addi- 
tion kg &% 

pmoks =P-labeled cyclic AMP/ 
min/mg protein 

1 None 5.9 60.6 27.4 
PGEI (PM 

0.0025 6.4 61.4 29.7 
0.025 5.6 59.1 28.2 
0.25 4.0 42.1 21.2 
2.5 2.5 24.7 11.5 

25.0 3.9 23.4 12.7 
2 None 11.9 78.9 32.2 

PGE, @MM)  
0.25 7.8 39.0 16.3 
2.5 4.4 26.6 13.5 

25.0 3.7 22.3 15.4 
ClAdo (PM) 

0.5 9.4 80.1 18.8 
5.0 7.4 78.0 11.2 

50.0 a.2 70.0 7.5 

Gpp(NH)p (not shown). The demonstration that 
Gpp(NH)p inhibits PGE&imulated adenylate cyclase 
activity in NG108-15 homogenates confirms previous ob- 
servations (12). 

NG108-15 hybrid cells were cultured with 1 m M  8-Br 
cyclic AMP, 1 mu Btz cyclic AMP, or 1 mu Btz cyclic 
GMP for 4 or 20 hr to determine whether elevation of 
cellular cyclic nucleotide levels affects adenylate cyclase 
activity (Table 2). Treatment of cells with 8-Br cyclic 
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FIG. 3. Effects of PGE,, NaF, or Gpp(NH)p and PGE I on adenylate 

cyclase activity in homogenates prepared from control (untreated) or 
PGE,-treated NGIOB-15 cells 

Cells were cultured for 16 hr in the absence of PGE, (A) or in the 
presence of 25 FM PGE, (B). 0, Basal adenylate cyclase activity; A, 25 
m M  NaF; V, 10 pM PGEI; 4 10 PM PGEi and 100 pM Gpp(NH)p. 
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TABLE 2 
Adenylate cyclase activity in homogenates of NGlOB-I5 cells 

cultured with cyclic nucleotides or compounds that affect cyclic 
nucleotide levels 

NG108-15 cells were incubated with the compound indicated for the 
times shown. Homogenates were assayed for adenylate cyclase activity. 

Expt. CelI treatment Adenylate cyclase assay 

Addition Hr No 
addi- k!G’i &% 

None 
1 mM 8-Br cyclic AMP 
1 mM Btr cyclic AMP 
1 mM Bt2 cyclic GMP 
None 
I mM 8-Br cyclic AMP 
1 mu Bt? cyclic AMP 
1 mM Bt2 cyclic GMP 
None 
25.0 PGE, PM 
25.0 PGA, FM 
25.0 PGFz. PM 

0.5 mM Ro20-1724 

tion 
pmoles 32P-labeled cyclic 

AMP/min/mgprotein 
4 14.0 95.3 46.2 
4 11.9 85.5 31.3 
4 13.5 98.5 38.6 
4 15.7 98.3 52.4 

20 14.9 101.1 47.6 
20 7.7 74.5 17.6 
20 11.4 110.4 17.5 
20 14.4 91.0 51.0 
16 8.6 68.5 27.6 
16 4.7 24.6 15.1 
16 6.3 53.7 22.8 
16 6.8 63.8 27.6 
16 6.9 72.4 24.0 

AMP, which activates cyclic AMP-dependent protein 
kinase ( 13) and inhibits a low-K, phosphodiesterase ( 14), 
decreased basal, PGEI-stimulated, and ClAdo-stimulated 
adenylate cyclase activities. This observation suggests 
that PGE1-dependent inactivation of adenylate cyclase 
may be mediated by 8-Br cyclic AMP-dependent protein 
phosphorylation. In contrast, treatment of cells with Btz 
cyclic AMP, an inhibitor of a cyclic nucleotide phospho- 
diesterase (14,15) and a relatively poor activator of cyclic 
AMP-dependent protein kinase (16), markedly desensi- 
tized adenylate cyclase to ClAdo but had little effect on 
basal or PGE1-stimulated adenylate cyclase activities. 
Btt cyclic AMP or a metabolite of Btz cyclic AMP resem- 
bles ClAdo with respect to its ability to desensitize 
NG108-15 cells, which suggests that Btz cyclic AMP may 
activate adenosine receptors. Btz cyclic GMP had little 
or not effect on basal, PGE1-stimulated or ClAdo-stimu- 
lated adenylate cyclase activities. Treatment of cells with 
25 p PGAl for 16 hr resulted in small decreases in basal, 
PGEI-stimulated, and ClAdo-stimulated adenylate cy- 
clase activities, whereas treatment of cells with 25 PM 
PGE2, or 0.5 m Ro20-1724, a cyclic AMP phosphodi- 
esterase inhibitor, had little or no effect on basal, 
PGEI-, or ClAdo-stimulated adenylate cyclase activities 
(Table 2, Experiment 2). 

NG108-15 hybrid cells were cultured for 16 hr without 
PGE, or with 0.25,2.5, or 25 pM PGEI; homogenates were 
then prepared and assayed for adenylate cyclase activity 
in the presence of various concentrations of PGEl (Fig. 
4A). The extent of desensitization of adenylate cyclase to 
PGEl was a function of concentration of PGE, used for 
cell treatment. Eadie-Scatchard plots. are shown in Fig. 
4B-D, and activation constants (JL) for PGEl and max- 
imal velocity (V,.) values for PGE,-dependent adenyl- 
ate cyclase activities are shown in Table 3. Treatment of 
NG108-15 cells with PGE, resulted in increases in the 
activation constants for PGEI-dependent adenylate cy- 

clase activity (i.e., decreases in apparent affinity of PGE, 
for receptor) and decreases in the Vmx of PGEl-depen- 
dent adenylate cyclase. Similar results have been re- 
ported recently by Hornburger et al. (17) with CL glioma 
cells desensitized by isoproteronol. 

Cells were treated with 2.5 PM PGEl for 16 hr; the 
medium was then replaced with fresh medium without 
PGE, and incubation was continued for an additional 24 
hr to determine the rate of recovery of adenylate cyclase 
responsiveness to PGEI. At 4, 8, 12, and 24 hr after 
withdrawal of PGEl (20, 24, 28, and 40 hr of total incu- 
bation, respectively), homogenates were prepared, and 
basal, PGE,-stimulated, and ClAdo-stimulated adenylate 
cyclase activities were determined (Fig. 5A). On with- 
drawal of PGEI, adenylate cyclase activity gradually 
returned toward the control value; 50% of the enzyme 
activity lost because of PGE, was recovered within 8 hr, 
and 80% of the activity was recovered within 24 hr. The 
effect of PGE, concentration on adenylate cyclase activ- 
ity in homogenates prepared from untreated control cells 
cultured for 16 or 28 hr, from cells treated with 2.5 PM 
PGE, for 16 hr, or from cells treated with 2.5 PM PGE, 

CONTROL 1 

10" 10’6 
IPGE, 1, M 

Av = V(ST,b,,,,,.ATED) - %ASALl 

FIG. 4. Effects of culturing NG108.15 cells with PGE, on the kim+ 
its of PGE,-stimulated adenylate cyclase activity 

A. CelIs were cultured for 16 hr without PGE, (V), with 0.25 Uht 
PGE, (01, with 2.5 PM PGE, (A), or with 25 m PGE, (0). Homogenate’ 
were prepared and assayed for adenylate cycIase activity in the presence 
of various concentrations of PGE, (abscissa). 
B, C, and D. Eadie-Scatchard plots of the data from control cells grown 

ted without PGE, (B), cells treated with 0.25 w PGEl (C), or cells trea , 
with ‘25 pM PGE, (D). The velocity, V, represents picomoles of ‘i-p.. 
labeled cyclic AMP formed per minute per miIIigram of protein; A’ 
represents picomoles of “P-labeled cyclic AMP per minute per &i- 
gram of protein dependent on PGEI; S represents micromolar PGEl, 
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TABLE 4 
Effect of cycloheximide on PGEI-dependent tb.scnaitiratiolr (,f 

adenylate cyclase and on recovery of activity aftrr l’G6, wit}lt{ralclcll 
NGlO8-15 ceUs were incubated with the indicatrd compounds f,,, 

the times shown. Homogenates were prepared and awayed fur ~&ny. 
ate cyclase activity. Where Indicated, the conccntrrrt.ion of (:gcloh(bxi. 
mjde WBS 20 ~/ml of medium and the concentnltion of PCl$ warn 2.5 
PM. 

Expt. Addition to cells Adcnyiate cycb~sc 

HOURS IPGE,], M  

FIG. 5. Recovery of adenylate cyclase activity following removal of 
PGE, 

A. NGlW15 cells were cultured for 16 hr in the presence of 2.5 aM 
PGE, (0, n , v) or absence of PGE, (0, 0, VI; at 16 hr the medium was 
replaced by medium without PGEI. At the times indicated the cells 
were harvested and frozen. Homogenates were assayed for basal ade- 
nylate cyclase activity (0,O) and for stimulated activity in the presence 
of 10 /I’M  PGE, (0, n ), or 50 )LM ClAdo (V, v’). 
B. Symbols represent adenylate cyclase specific activities obtained with 
homogenates of NG108-15 cells from the experiment shown in A grown 
under the following conditions and assayed in the presence of the 
concentration of PGE, shown on the abscissa: 0, cells grown for 16 hr 
without PGE,; V, cells grown for 16 hr with 2.5 PM PGE,; 0, cehs grown 
for 28 hr without PGE,; A, cells grown for 16 hr with 2.5 /.LM PGE, and 
for an additional 12 hr without PGE,. 

for 16 hr and for an additional 12 hr in the absence of 
PGEl (28 hr in Fig. 5A) is shown in Fig. 5B. Activation 
constants for PGE, and V,,, values for PGEr-dependent 
adenylate cyclase are shown in Table 3. Treatment of 
cells for 16 hr with 2.5 PM PGE, resulted in an increase 
in K,,, and a decrease in V,,,,x. The V,,, of PGE,-stimu- 
lated adenylate cyclase from control cells decreased be- 
tween 16 and 28 hr, however, the activation constant did 
not change appreciably. Treatment of cells with PGEl 
for 16 hr and withdrawal of PGE, for an additional 12 hr 

TABLE 3 
Activation constants and maximal velocity L,alues for PGEI- 

dependent adenylate cyclase activities shown in Fig. 4A-D and 
Fig. 5B 

Fig. Addition to cells IL,., max V 

Stage 1, Stage 2, 
O-16 hr 16-28 hr 

P%, 
pmoles 

cyclic 
AMP/min/ 

w 
protein 

4 

5B 

None 
0.25 PM PGE, 
2.5 PGE, / tM 

25.0 P M  PGE, 
None 

2.5 PGE, FM 
None None 

2.5 PM PGEI None 

0.18 72.8 
0.59 40.0 
0.65 21.8 
1.52 16.7 
0.22 102.4 
0.73 41.8 
0.19 68.7 _^ . 

Stage 
l, O-16 

hr 

Stage 2, 
16-24 hr 

1: Densensitization None None 
None PGE, 
None Cyclohexi- 

mide 
None Cyclohexi- 

mide + 
PGE, 

2: Recovery None Cyclohexi- 
mide 

PGE, Cyclohexi- 
mide 

PGE, - 
PGE, None 

13.2 99.7 40.5 
5.4 34.0 16.7 

11.5 98.0 38.1 

4.6 46.9 12.4 

IO.3 76.0 28. t 

4.4 32.2 19.7 

h. I 23.5 IH.0 
6.7 50.0 27.9 

resulted in an increase in VmX and a decrease in 
&.t; i.e. the values returned toward control levels. 

The effects of cyclohexirnide on PGEl-dependent 11,~s 
of adenylate cyclase activity and on recovery of respon. 
siveness to PGEr following withdrawal of PGE, are 
shown in Table 4. Cycloheximide had no effect on PGE,- 
dependent loss of adenylate cyclase activity, but in- 
hibited the recovery of enzyme activity on withdrawal (,f 
PGEI. In other experiments not shown here, 16 11~ acti- 
nomycin D did not affect PGEI-dependent deser&iza. 
tion of adenylate cyclase or recovery of enzyme activity 
in the absence of PGEI. 

DISCUSSION 

Repeated exposure of cells to a receptor activator often 
diminishes the extent of the responses mediated by that 
species of receptor (18-29). In most CZUX-S the response ii, 
lost only to the ligand used for desensitization; ce& retain 
responsiveness to ligands for other species of receptors, 
YU and co-workers (28) have termed this phenomenon 
homologous desensitization. However, .several investiga. 
tars (18,27-29) have reported that exposure of cehs to a 
ligand for one species of receptor can result in a decrew 
in basal adenylate cyclase activity and/or loss of enzyme 
responsiveness to ligands for multiple species of recepujr 
[termed heterologous desensitization (2&J Heterologou 
desensitization thus may be due to inactivation of either 
adenylate cyclase, molecules that functionally couple 
receptors to adenylate cyclase, or to changes in mem. 
branes that affect the activities of the receptors and/or 
other components that are part of the adenylate cyclah;c: 
complex. 

Treatment of NG108-15 hybrid cells with PGE, rmulu 
in decreases in basal adenvlate CVC~~ activitv anri in 
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PGEI-, ClAdo-, NaF-, or Gpp(NH)p- and PGEr-stimu- 
lated activities. These results suggest that one or more 
components of the adenylate cyclase complex are inac- 
tivated when NG108-15 cells are treated with PGE1. 
More than 95% of the specific binding sites for PGEl also 
are lost.5 Thus, PGE, receptors and molecules required 
for activation of adenylate cyclase may be lost coordi- 
nately. 

Tolkovsky and Levitzki (30) have reported that aden- 
osine receptors of turkey erythrocytes either are coupled 
permanently to adenylate cyclase or form long-lived in- 
termediates. Our results show that treatment of NG108- 
15 cells with ClAdo results in rapid desensitization to 
ClAdo with little effect on basal or PGE1-dependent 
adenylate cyclase activities. The extent of activation of 
NG108-15 adenylate cyclase by saturating concentration 
of ClAdo is approximately 25-40s of that found with 
PGEl (12). The extent of desensitization of adenylate 
cyclase may be a function of the amount of cyclic AMP 
synthesized or the duration of the activated state. Assum- 
ing that the rate of cyclic AMP synthesis in intact NG108- 
15 cells equals that found in homogenates, exposure of 
cells to PGEl for 360 min (the time required for 50% loss 
of PGE1-dependent adenylate cyclase activity) would 
result in the cumulative synthesis of 32 nmoles of cyclic 
AMP per milligram of protein above basal activity. Ex- 
posure of cells to ClAdo for 108 min (the time required 
for 50% loss of ClAdo-dependent adenylate cyclase activ- 
ity) would result in the cumulative synthesis of 4 nmoles 
of cyclic AMP per milligram of protein above basal 
activity. Thus, ClAdo-dependent adenylate cyclase cat- 
alyzes only 12.5% as much cyclic AMP synthesis com- 
pared with PGEr-dependent adenylate cyclase. The ap- 
parent absence of effect of ClAdo on responsiveness of 
adenylate cyclase to PGEi or on basal adenylate cyclase 
may be due to the lower extent of activation of the 
enzyme by ClAdo. 

Cycloheximide had no effect on PGE1-induced desen- 
sitization of adenylate cyclase, but markedly inhibited 
the recovery of adenylate cyclase activity from the de- 
sensitized state. In contrast, actinomycin D had no effect 
on either PGE&duced desensitization of adenylate cy- 
claae or on recovery from the desensitized state. These 
results suggest that protein synthesis, but not mHNA 
synthesis, is required for recovery of PGEI-desensitized 
adenylate cyclase activity in NG108-15 cells. Cyclohexi- 
mide does not block the recovery of adenylate cyclase 
activity following beta-receptor-induced desensitization 
of the enzyme in frog erythrocytes (23) or in Ehrlich 
ascites tumor cells (26). Cycloheximide also does not 
affect desensitization or recovery of adenylate cyclase 
activity from the desensitized state in human astrocy- 
toma cells exposed to norepinephrine or PGEr (28). How- 
ever, cycloheximide or actinomycin D prevents the de- 
velopment of refractoriness to PGEz in cultured rat 
Graafian follicles (21). 

In conclusion we find that prolonged activation of 
NG108-15 adenylate cyclase by PGEl results in the grad- 
ual loss of adenylate cyclase activity, much as prolonged 

5 J. G. Kenimer, manuscript in preparation. 

receptor-mediated inhibition of adenylate cyclase results 
in gradual compensatory increase in adenylate cyclase 
activity. We also find that exposure of NG108-15 to 8-Br 
cyclic AMP, which activates cyclic AMP-dependent pro- 
tein kinase, results in the loss of adenylate cyclase. Fur- 
ther work is needed to determine whether the loss of 
adenylate cyclase is dependent on cyclic AMP-mediated 
phosphorylation of protein (31). 
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